Abstract 4-Chloro-2-aryl-2H-3-chromenecarbaldehydes 3a-g on reaction with malononitrile in ethanol in the presence of piperidine gave 5-aryl-2-piperidino-5H-chromeno[3,4-c]pyridine-1-carbonitriles 4a-g in good yields.
Introduction
Several chromanones, substituted chromenes and flavanones show a variety of biological activities, such as dopamine agonist 1 , antihypertensive 2 , ATP sensitive potassium channel opener 3 , antitumor 4 , gastroprotective 5 , coronary vasodilator 6 and adrenergic receptor antagonist 7 . In the present study, new chromenopyridines 4a-g were synthesized starting from 4-chloro-2-aryl-2H-3-chromenecarbaldehydes 3a-g.
Several methods have been reported for the synthesis of substituted pyridones and piperidones. [8] [9] [10] We developed a synthesis of ethyl 2-methyl-5-oxo-5H- [1] benzopyrano [3, 4 -c]-pyridine-1-carboxylates and ethyl 2-methyl-5H-chromeno [3,4-c] pyridine-1-carboxylates in a modified Hantzsch reaction by the reaction of 4-chloro-3-formylcoumarins and 4-chloro-2H-3-chromenecarbaldehydes with ethyl 3-aminocrotonate. [11] [12] [13] We also reported the synthesis of 9-amino-6H-benzo[c]chromene-8,10-dicarbonitriles by the reaction of 2H-3-chromenecarbaldehydes with malononitrile and piperidine.
14 In this present paper we report the results of the reaction of 4-chloro-2-aryl-2H-3-chromenecarbaldehydes 3a-g with malononitrile in ethanolpiperidine wherein there is formation of pyridine ring fused to chromene with the participation of piperidine as a nucleophile during the pyridine ring formation.
Results and Discussion
4-Chloro-2-aryl-2H-3-chromenecarbaldehydes 3a-g were prepared by the reaction of flavan-4-ones 2a-g with dry DMF/POCl3 by the Vilsmeier-Haack reaction. 15 4-Chloro-2-aryl-2H-3-chromenecarbaldehydes 3a-g, malononitrile and piperidine in dry ethanol were heated at 80 ºC for 24 h. The crude product was purified using column chromatography to give 5-aryl-2-piperidino-5H-chromeno [3,4- Compound 4a is characterized as 9-chloro-5-phenyl-2-piperidino-5H-chromeno[3,4-c]-pyridine-1-carbonitrile. In the IR spectrum 4a showed a peak due to the nitrile group at 2205 cm -1 . The UV spectrum of 4a showed bands at 218 nm (log  4.5), 280 nm (log  4.3) and 344 nm (log  3.7).
1 H NMR of 4a showed that a piperidine moiety is incorporated in the newly formed pyridine ring. The piperidine 3″, 5″ and 4″ methylene protons appeared as a multiplet at  1.75 and 2″,6″ methylene protons appeared as a multiplet at  3.65. H-4 of the pyridine appeared as a singlet  7.75, H-5 as a singlet at  5.95 and H-10 as a doublet at  8.40 (J = 2.0 Hz). The other aromatic H-2′,3′,4′,5′,6′,7,8 appeared as a multiplet at  7.05-7.40. In the 13 C NMR of 4a the piperidine ring carbons resonated at  24.4 (C-4″), 25.8 (C-3″,5″) and 50.6 (C-2″,6″), the pyridine ring carbons at  89.1 (C-1), 154.2 (C-2), 148.6 (C-4), 137.3 (C-4a), 142.0 (C-10b) and 120.8 (C≡N). The other carbons resonated at  77.4 (C-5), 118.1 (C-10a), 119.8 (C-7), 126.9 (C-10), 127.3 (C-1′), 127.3 (C-9), 127.6 (C-2′,6′), 128.7 (C-3′,5′), 128.9 (C-4′), 132.7 (C-8), 164.3 (C-6a). In the MS of 4a the molecular ion M + appeared at m/z 401 (70). The base peak appeared at m/z 400 (100) is due to loss of H radical from C-5 to give a resonance stabilized chromenyl cation.
The mechanism of the formation of 5-aryl-2-piperidino-5H-chromeno [3,4-c] pyridine-1-carbonitriles 4a-g is shown in Scheme 2. The first step is the nucleophilic substitution of the labile Cl by the malononitrile. A facile intramolecular nucleophilic attack by the nitrogen of CN on the CHO group leads to cyclic intermediate 6a-g. It is reaction with nucleophile piperidine, followed by loss of H2O results in pyridine ring derivatives 6a-g. In several literature methods of pyridine synthesis, piperidine is used the solvent and acts as a base. 16, 17 However, in the present reaction the piperidine is incorporated into the product structure. The structure of 4a is confirmed from single crystal X-ray analyses ( Figure 1 ).
This work reports a new synthesis of pyridine fused to chromene, starting from the β-chloroacrolein moiety in the chromene and malononitrile in piperidine. 
Experimental Section
General. All melting points were determined on a Polmon digital melting point apparatus (Model No. MP-96). IR spectra were recorded on a FT-IR Perkin-Elmer 1605 spectrophotometer using KBr discs and UV spectra were recorded on a Schimadzu UV-VIS 1601 spectrophotometer. The 1 H NMR (200 MHz) and 13 C NMR (50.3 MHz) spectra were recorded on a Varian Gemini Unity Spectrometer in CDCl3 using TMS as internal standard (chemical shifts in  ppm). Mass spectra were recorded on a VG micromass 7070H instrument. Elemental analyses were performed on an Elemental Vario El instrument. XRD were recorded on a Bruker Smart Apex CCD area detector on a D8 goniometer.
General procedure for the synthesis of 4-chloro-2-aryl-2H-3-chromenecarbaldehydes 3a-g
To a solution of flavan-4-ones 2a-g (10 mmoles) in dry dimethylformamide (50 mmoles) freshly distilled dry phosphorus oxychloride (10 mmoles) was added with constant stirring at 0 ºC. The reaction mixture was kept overnight and then poured onto crushed ice. The yellow compound which separated out was filtered and washed with water. The solid product which was purified by column chromatography over silica gel by eluting with petroleum ether gave 4-chloro-2-aryl-2H-3-chromenecarbaldehydes 3a-g in 70-85 % yields. Compounds 3a-g were recrystallised from methanol to give pale yellow needles. 
